The aims of this study are to investigate the spectral properties of cloud and to carry out cloud detection and masking using MODIS (Moderate-resolution Imaging Spectroradiometer) data. To do this we make use of the spectrally rich satellite data provided by MODIS sensor, which is equipped with 36 bands ranging from visible to thermal wavelengths. Cloud detection and masking were first carried out individually using single date of MODIS data. Multitemporal cloud analysis was later carried out using MODIS data from 24 different dates from 2004 to 2005. The eastern parts of Malaysia were found to have more cloudy days than the western parts, in which consistence with the meteorological observations made by the Malaysian Meteorological Services.
Introduction
Retrieval of surface information using remote sensing satellite is commonly affected by cloud, which, if thick, can completely obscure the surface within the satellite field of view or, if thin, attenuate solar radiation both on the incident path and after reflection and scattering at the surface [2] , [4] . This is particularly important over tropical regions where cloud is persistent. If not dealt properly, this could affect the accuracy of further common processing task such as land cover classification [1] , [3] , [5] . Generally, cloud detection tests can be categorised into four categories, i.e. brightness temperature test and brightness temperature difference test.
Brightness Temperature Test
The tests commonly performed using brightness temperature measurements are from 11 μm and 14 μm wavelengths. 11 μm measurement was initially used for partial coherence test [7] . The idea is that the absolute value of BT should be lower than surface area and the variability of brightness temperature for cloudy pixels should be higher than clear-sky pixels. This can be carried out by making use the standard deviation value of an array of pixels. Cloud pixels are indicated with standard deviation less than 0.4 K for equatorial regions. CO 2 absorption bands (near 14 μm) can be used to distinguish transparent clouds from opaque clouds and clear-sky. This test is effective for detecting thin cirrus clouds that are often missed by infrared and visible tests [12] .
Brightness Temperature Difference Test
The frequently used brightness temperature difference tests are BT (11) -BT (12) and BT (11) -BT (3.9) . BT (11) -BT (12) test can be used to detect thin cloud (i.e. cirrus) because they are larger than that of clear-sky and thick cloud conditions [10] . BT (11) -BT (3.9) test can be used to differentiate between cloud over land and water; its value over land is different from over water. For cloudy pixels over land, the long-wave minus shortwave brightness temperature (i.e. BT (11) -BT (3.9) ) has a large negative value during the day for thick clouds. This is because much of the energy sensed by the satellite comes from the Earth's surface and atmosphere below the cloud, and the 3.9-μm channel's response to warm pixel temperatures is greater than it is at 11 μm, resulting in negative difference values during the day.
Reflectance Test
The frequently used reflectance tests are such as R (0.66) and R (1.38) ; R (0.66) has been widely used in discriminating clouds from vegetated land due to the difference reflectance properties measured at 0.66 μm wavelength. R (1.38) in day time can be used to detect the presence of high-level clouds, particularly thin cirrus, due to the strong water vapour absorption at that region [6] .
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2 Materials and Methods
The MODIS instrument is the primary payload attached to two satellites, Terra and Aqua. Terra was launched on December 18, 1999, and Aqua on May 4, 2002. The main advantage of MODIS data is that it offers a wide range of spectral bands. There are 36 spectral bands covering the visible, near infrared and thermal infrared ranges of the electromagnetic spectrum. The primary use and the corresponding spectral information for all bands are summarised in Table 1 . angle. The MODIS Level 1B also contains thermal data, which are recorded as TOA radiance, and can be converted to brightness temperature using the Planck function. Brightness temperature is defined as the temperature for an ideal black body with the observed radiance; it is the temperature a blackbody needs to have to emit radiation of the observed intensity at a given wavelength. From Planck's Law, the observed radiance is expressed as
where h is the Planck's constant (Js) equals to 6.626 x 10 -34 Js, c is the speed of light in vacuum (ms -1 ) equals to 3 x 10 8 ms -1 , k is the Boltzmann gas constant (JK -1 ) equals to 1.3806503 × 10 -23 JK -1 , λ is the band or detector centre wavelength (μm) and T is the brightness temperature (K). By inverting this formula, we can solve for brightness temperature, T:
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Results and Discussion
The reflectance curves for the reflective MODIS bands are shown in Figure 2 . The negative reflectances for cloud in bands 8 to 17 are caused by saturation problems and have been omitted. For the remaining bands, cloud over land has lower reflectances because it tends to be thinner than cloud over ocean. Brightness temperature curves for the thermal MODIS bands are shown in Figure 2 (b). These have the opposite trend to reflectance, with the brightness temperature of cloud over land being higher than cloud over the ocean. This is due to the fact that cloud over ocean is colder because it tends to be thicker than cloud over land [11] . Much larger standard deviations in reflectance and brightness temperature are observed for clouds over the land than ocean due to the larger variations in surface reflectivity and emissivity respectively. Land has much lower reflectances than cloud due to the much less reflective surface properties and lower altitudes. Land has higher reflectances and brightness temperatures than ocean due to the lesser energy absorption and higher temperature respectively. Ocean has lower standard deviations in reflectance and brightness temperature due to the much uniform spectral properties. Table 2 shows a set of cloud tests, which were formulated for use in this study. The set of tests was applied to multitemporal datasets of MODIS data. The same procedure such as that of the 30 th January 2004 dataset were applied to 24 other datasets from January 2004 to December 2005 at 0355 UTC (1155 LST). Figure 2 shows cloud masks generated for these datasets. It can be seen that cloud distribution changes dynamically with time; in overall, the cloud amount in 2005 seems to be more than 2004. This agrees with the fact that the total amount of rain received in 2005 was more than 2004 due to the effects of La Nina (wet spell) and El Nino (dry spell) respectively [8] . We further examine the areas where clouds are prone to form by classifying the cloud based on its frequency of occurrence. This was carried out by overlapping the cloud masks in Figure 2 and then assigning colours to cloud pixels, based on the frequency of occurrence, for the year 2004 and 2005. Figure 4 shows the cloud area classified based on overlapping cloud pixels from the selected dates within 2004 and 2005; The colours are associated with the number of overlapping dates; non-cloud and water are masked grey and white respectively. The eastern parts of Malaysia seems to have more cloudy days than the western parts, in which consistence with the fact that the former is having more amount of annual rain than the later. It is also clear that the year 2005 is cloudier than 2004, in which is consistent with Figure 3 , due to La Nina and En Nino respectively [8] . 
Conclusion
In this study, we investigated the spectral properties of cloud and carried out cloud detection and masking using spectral methods. Cloud was analysed based on measurements made from 36 MODIS bands ranging from visible to thermal wavelengths. Cloud detection and masking were first carried out individually using single date and then multi-dates of MODIS data. Multitemporal cloud analysis indicated that more cloudy days occured in the eastern parts of Malaysia, in which was consistence with the fact that more rain occured in the eastern than western parts of Malaysia.
